Slow sodium-dependent potential oscillations contribute to ectopic firing in mammalian demyelinated axons.
Ectopic action potentials can arise at regions of axonal demyelination, and are believed to contribute to a range of symptoms in patients with demyelinating conditions such as multiple sclerosis. The mechanism(s) by which the ectopic impulses are generated are uncertain. We have previously shown that such ectopic activity can result from inward potassium currents. Paradoxically, the potassium channel blocking agent 4-aminopyridine (4AP) can sometimes cause ectopic activity in demyelinating lesions. To study this phenomenon we have made intra-axonal recordings of ectopic activity in demyelinated axons, both in the presence and absence of 5 mM 4AP. 4AP promoted a pattern of firing which was observed, albeit less frequently, in demyelinated axons in the absence of this drug, namely trains of single impulses, or trains of short, high-frequency bursts of impulses. When recorded close to the demyelinated lesion, the impulses were generated by an underlying, almost sinusoidal oscillation of the membrane potential. This oscillation was abolished by the sodium channel blocking agent tetrodotoxin (0.1-1 microM). We conclude that the ectopic spiking induced by 4AP is generated by membrane potential oscillations associated with the site of demyelination. The sodium-dependent current underlying these oscillations, together with the prolonged inward potassium currents which we have previously described, may contribute to the generation of ectopic discharges in a range of disorders of myelinated axons.